IINTRODUCTION
Trichothecene mycotoxins (TRs), such as nivalenol (NIV), deoxynivalenol (DON), fusarenon-X (FX), 3-acetyl deoxynivalenol (3ADON), HT-2 toxin (HT-2) and T-2 toxin (T-2), belong to the secondary toxic metabolites produced by various filamentous fungi, such as Fusarium graminearum, F. culmorum and F. sporotrichioides.
TRs exhibit a potent inhibitory activity toward protein and DNA syntheses in eukaryotic cells, and this biological activity is closely related to their high lethality to animals, cellular damage to actively 1 Present address: Research Center, Suntory Business Expert Limited, 1-1-1 Wakayamadai, Shimamoto-cho, Mishima-gun, Osaka 618-8503, Japan * To whom correspondence should be addressed: National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan. Tel.: +81-3-3700-1141; Fax: +81-3-3700-9527; E-mail: hiroki.t@poem.ocn.ne.jp dividing cells, potent suppression of immunoresponses 1, 2) and inhibition of protein synthesis. 3, 4) Zearalenone (ZEN) is an estrogenic metabolite produced by Fusarium species such as F. graminearum, F. culmorum and F. crookwellense (F. cerealis), and causes hyperestrogenism in livestock. 5, 6) Co-contamination of Fusarium mycotoxins (TRs and ZEN) occurs worldwide in agricultural commodities and consumption of these has caused several outbreaks of intoxication in human and animal populations. [7] [8] [9] [10] [11] [12] With the development of highly sensitive and simultaneous analytical methods, many reports regarding the co-contamination of Fusarium mycotoxins in processed cereal foods have been reported in Europe and North America, [13] [14] [15] but relatively little work is available for Asian countries despite these depending heavily on imported wheat and wheat-derived products. Thus, an accurate determination of processed food contaminated with these toxins is an urgent need for C 2010 The Pharmaceutical Society of Japan food supply.
The purpose of this study was to simultaneously determine of TRs and ZEN based on a method established in a previous study. 16) Furthermore, by using this method, we determined the incidence and concentration of Fusarium mycotoxins in biscuits made of wheat in Japan for the first time and to use this information to evaluate the potential health risk to Japanese consumers.
MATERIALS AND METHODS
Samples --A total of 201 samples of biscuits made of wheat were purchased from random local retail shops throughout Japan between the summer 2004 and summer 2006, including 110 of infant food, 39 imported, 17 domestic and the remaining of unknown origin. All samples were stored at 4 • C until analysis. Chemicals and Reagents --The standards for NIV, DON, FX, 3ADON, HT-2, T-2 and ZEN were obtained from Sigma-Aldrich Japan (Tokyo, Japan). HPLC grade acetonitrile, HPLC grade methanol and reagent grade ammonium acetate were obtained from Wako Chemical (Osaka, Japan). Water was purified with a Milli-Q system (Millipore, Tokyo, Japan). MultiSep #226 columns (Romer Labs, Inc., Union, MO, U.S.A.) were purchased from Showa Denko Limited (Tokyo, Japan). All other reagents were of the highest analytical grade available. LC/MS --The LC/MS was performed using a Shimadzu Model LC-2010C HT liquid chromatograph system (Shimadzu, Kyoto, Japan) including a degassing unit, a binary gradient pump, an autoinjector, a column oven and a Shimadzu LCMS-2010A mass spectrometer with atmospheric pressure photo ionization (APPI) capabilities. Liquid chromatography (LC) separation was performed on a 150 mm × 2.0 mm inside diameter (I.D.) column packed with a 5 µm Shimadzu Shim-pack VP-ODS. The LC mobile phase was a mixture of aqueous 10 mM ammonium acetate (A) and methanol (B). The initial gradient condition was 90% A and 10% B, and was equilibrated for 5 min. Then, solvent B was changed linearly to 100% in 20 min, and was held for 10 min. The flow rate was set at 0.1 ml/min. Further, acetone was added after the diode array detector at a flow rate of 60 µl/min via a tee by an isocratic pump (Agilent Technologies, Waldbronn, Germany). The column temperature was maintained at 40 • C and the injection volume was 10 µl. MS experiments were performed in the APPI mode. Nitrogen as the nebulizer gas in the ion source was generated from pressurized air by a SLP-07-S2 (ANEST IWATA Co., Yokohama, Japan). The following analytical conditions for APPI were optimized by using an analytical column with the mixture standard of 7 Fusarium mycotoxins at 100 ng/ml. The probe voltage, probe temperature, nebulizer gas, drying gas, Sample extraction and cleanup was carried out as follows. Ten grams of each sample was weighed in a 100 ml Erlenmeyer flask, suspended in 40 ml acetonitrile/water (85/15) and shaken for 30 min. The mixed solution was centrifuged for 5 min at 1410 g, and then 10 ml of the supernatant were applied to a MultiSep #226 cartridge column for the cleanup. After discarding the first 3 ml of elutant, the next 2 ml were collected and evaporated to dryness at 40 • C under a gentle stream of nitrogen. The residue was dissolved in 1.0 ml of aqueous 10 mM ammonium acetate/methanol (90/10).
The analysis of TRs and ZEN was carried out using primary screening with LC/MS, and confirmed with LC/TOFMS.
RESULTS AND DISCUSSION

Comparison of Ionization Techniques for LC/MS Analysis
Ionization methods were compared: APPI, electrospray ionization (ESI) and atmospheric chemical ionization (APCI) modes. The SIM of each Fusarium mycotoxin was evaluated in the scan mode (m/z 100-500) by direct injection of each Fusarium mycotoxin standard (1 µg/ml) without the use of an analytical column. The most sensitive ion differed depending on the mycotoxin, ionization, polarity, and ammonium adduct ion ([M+NH 4 ] + ) and acetic acid adduct ion ([M+CH 3 COO] − ) ( Table 1) . In order to achieve maximum sensitivity, the instrument detection limits (IDLs) were calculated when the peak to peak signal-to-noise (S/N) ratio was 3 by injecting 10 µl of a mixture standard solution of TRs and ZEN. As shown in Table 2 , the APPI mode provided the optimum intensity for NIV, DON and ZEN. Although the ESI mode showed the strongest intensity of 3ADON, the effect of a sample matrix is possibly high. 16) A recent report describes the optimization of NIV and DON detection using the APPI mode; 16) therefore, we used the APPI mode to analyze the 7 Fusarium mycotoxins in this study.
Matrix effects are a major problem for mycotoxin quantification by LC/MS. The sample matrix may either enhance or suppress the ionization of mycotoxins; however, the effects vary from sample to sample ultimately affecting the quantitative performance of the LC/MS system. To evaluate matrix effects, the concentration of 7 Fusarium mycotoxins ranging from 1 to 500 ng/ml in solvent standard and spiked biscuit samples were analyzed. The calibration curves for both conditions showed good linearity with correlation coefficients (r 2 ) above 0.999. However, the slope of the linearity curve for ZEN in the spiked biscuit matrix standard was about 89% lower than the solvent standard (data not shown). These results indicate that ZEN showed a matrix effect of ion suppression.
To evaluate recoveries, the proposed method was applied to the analysis of biscuit samples spiked with known concentrations of Fusarium mycotoxins. Samples were spiked at a final concentration of 50 ng/g for all 7 Fusarium mycotoxins. Quantification was carried out by the solvent standard and biscuit matrix matched standard. The mean recovery of each Fusarium mycotoxin in spiked samples ranged from 28 to 121% in the solvent standard and from 83 to 120% in the matrix matched standard (Table 3) . At the same concentration, the experiment was repeatable (n = 3) with relative standard deviations (RSDs) ranging from 3.4 to 13% in solvent standard and from 1.0 to 11% in matrix matched standard (Table 3) . Under these conditions, ZEN showed a large matrix effect on ion suppression, because ZEN is different structure to have the macrolide ring a) Number of samples analyzed = 201. b) When the number of samples of under the limit of quantification is > 60%, the concentration was calculated as follows. The value less than the limit of detection was calculated as the detection limit. The value between the limit of detection and the limit of quantification was calculated as the limit of quantification. When the number of samples of under the limit of quantification is < 60%, the concentration was calculated as follows. The value under the limit of quantification was calculated as 1/2 of the limit of detection. and is a low polar compound when compared with the six other TRs, and is thus considered susceptible to matrix effects; therefore, the biscuit matrix matched standard was used for the quantitation of all 7 Fusarium mycotoxins throughout this study.
The limits of detection (LODs) and limits of quantification (LOQs) of the TRs and ZEN in biscuits were determined by the signal corresponding to three times and ten times the background noise on each SIM chromatogram, respectively. The LODs and LOQs of each Fusarium mycotoxin ranged from 0.1 to 4.2 ng/g and from 0.3 to 14 ng/g, respectively (Table 3) .
Analysis of TRs and ZEN in Biscuits Based on Wheat
The developed method was applied in the quantitation of Fusarium mycotoxins in biscuits made of wheat. The level of occurrence of Fusarium mycotoxins in biscuits is represented in Table 4 and typical chromatograms of standard mixture and extracts from naturally contaminated biscuit shown in Fig. 1 . Fusarium mycotoxins were quantified in 196 out of the 201 samples with DON being the most commonly detected Fusarium mycotoxin in this study. It was found in 98% of all samples at concentrations between 0.9 and 791 ng/g (mean = 23 ng/g). In this study, 120 samples were co-contaminated with two or more Fusarium mycotoxins. With the exception of two samples (NIV/HT-2 and HT-2/T-2), all samples with multiple toxins also contained DON. The co-contamination of two or more toxins detected in this study were found in 120 (incidence = 60%) samples. In samples containing two toxins, DON was present in combination with each of NIV, HT-2 and ZEN, and both NIV and DON occurred as the most frequent combination in 77 (incidence = 38%) samples. Of these, 99, 16, and 5 a) Number of samples analyzed = 110. b) When the number of samples of under the limit of quantification is > 60%, the concentration was calculated as follows. The value less than the limit of detection was calculated as the detection limit. The value between the limit of detection and the limit of quantification was calculated as the limit of quantification. When the number of samples of under the limit of quantification is < 60%, the concentration was calculated as follows. The value under the limit of quantification was calculated as 1/2 of the limit of detection. Fig. 1) . In infant biscuits the concentration of DON ranged from 0.9 to 177 ng/g (mean = 17 ng/g, Table 5 ).
NIV was found in 41% of the samples, ranging from 1.4 to 35 ng/g (mean = 3.1 ng/g, Table 4 ).
HT-2 and T-2 were detected in 38 (incidence = 19%) and 22 (incidence = 11%) samples, with a maximum concentration of 20 ng/g (mean = 0.7 ng/g) and 6.0 ng/g (mean = 0.1 ng/g), respectively (Table 4 ). Both HT-2 and T-2 were observed in infant products and occurred simultaneously in one sample. Since the simultaneous occurrence of HT-2 and T-2 is rare in Japan, we recommend continuation of this surveillance monitoring program.
The incidence (2%) and highest concentration (4.4 ng/g) of ZEN in the samples were lower than those of the other six Fusarium mycotoxins (Table 4) .
In contrast, none of the samples analyzed were found to contain FX and 3ADON above the LODs.
Biselli and Hummert reported the co-occurrence of DON and T-2 in wheat-based products in Europe. 13) They showed that DON contamination was high (maximum level = 2350 ng/g), but the concentration of T-2 was lower than that in our study (maximum level = 0.95 ng/g). Schollenberger et al. 18) showed that NIV, DON, HT-2, T-2 and ZEN occurred in foodstuffs marketed in Germany with DON the most commonly observed. The incidence of HT-2 was higher than that of T-2, differences depending on the kind of sample, similarly to the incidence of NIV and ZEN. These results were similar to our present study. Recently, there have been some reports in which NIV, DON, HT-2 and ZEN were detected in infant products and conventional wheat products. 14, 15, 19, 20) Compared with these reports the maximum DON and HT-2 concentrations were similar to our study of infant products. Although the occurrence of NIV and ZEN was confirmed in these reports, that of T-2 was not, and on this point it was different from our study of infant products.
As shown in Tables 4 and 5 , there were no great differences in the incidence and concentration between conventional biscuits and biscuits for infants. However, the risk will be greater for infants due to body weight and intake when compared to adults.
It is difficult to assess the exposure of Fusarium mycotoxins under the present study because the general information data regarding real consumption of biscuits by Japanese is limited. Therefore, continuous surveillance for contamination levels and an exposure assessment will be required to avoid an unexpected risk of exposure to high concentrations of mycotoxins from now on.
In conclusion, we are the first to report the presence of NIV, DON, HT-2, T-2 and ZEN in biscuits marketed in Japan. It is suggested from our study that biscuits are co-contaminated with several Fusarium mycotoxins; therefore, there is a need for continuous monitoring in order to evaluate their risk to consumers. In addition, it should be taken into account that the risk of Fusarium mycotoxins may be increased by co-occurrence with other mycotoxins, as shown in this study. It is important to continue accumulating the occurrence data of mycotoxins from food products in order to develop appropriate risk assessment tools with the goal of reducing contamination levels in marketed commodities.
